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BACKGROUND OF THE INVENTION 



This invention relates to the packaging of bananas. 

Respiring biological materials consume oxygen (0 2 ) and produce carbon dioxide 
(C0 2 ) at rates which depend upon temperature and the stage of their development. 
Ideally, a respiring material should be stored in a container whose permeability to 0 2 
and C0 2 is correlated with (i) the atmosphere outside the package, (ii) the rates at 
which the material consumes 0 2 and produces C0 2 , and (iii) the temperature, to 
produce the desired atmosphere within the container. This is the principle behind the 
technology of controlled atmosphere packaging (CAP) and modified atmosphere 
packaging (MAP), as discussed, for example, in US Patent Nos. 3,450,542 (Badran), 
3,450,544 (Badran et al.), 3,798,333 (Cummin et al. 4,734,324 (Hill), 4,830,863 (Jones), 
4 842,875 (Anderson), 4,879,078 (Antoon), 4,910,032 (Antoon), 4,923,703 (Antoon), 
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5 045 331 (Antoon), 5,160,768 (Antoon), 5,254,354 (Stewart) and 6,013,293 (De Moor), 
copending commonly assigned US Patent Application Serial Numbers 08/759,602 
(Clarke et al.) and 09/1 21 ,082 (Clarke et al.), International Publication Numbers WO 
94/12040 (Fresh Western), WO 96/38495 (Landec) and WO 00/04787 (Landec), and 
European Patent Applications Nos. 0,351 ,1 15 and 0,351,1 16 (Courtaulds). The 
disclosure of each of these patents, applications and publications is incorporated here,n 



by reference. 

Bananas are respiring biological materials whose storage and ripening present 

the most serious problems because 

(i) bananas are grown in locations far distant from the locations at which they 

are consumed; o 
m (ii) they are damaged by storage at temperatures below about 14.4 C, w.th 

the extent of the damage depending upon the time spent below that temperature 

. . * /i-rt Or\ . 



H 5 and how far the temperature is below 1 4.4 °C (58 F); 

5 (HO they go through a climacteric when they ripen, thus producing a very large 

■_ increase in respiration rate and the generation of heat; 

S (iv) they generate ethylene as they ripen, and they ripen at a rate which 

% increases with the concentration of ethylene around them - as a result, a single 

\ prematurely ripe banana can trigger premature ripening of many others; and 

*" (iv) once they have ripened, and have been exposed to air, they rap.dly 

become over-ripe. 

These problems have not yet been solved. The conventional procedure is to harvest 
the bananas when they are hard, green and unripe; to transport the green bananas, at 

a 13-14 °C to the location where they will be consumed; to ripen the green bananas by 
exposing them to ethylene in a ripening room at that location; and to place the npened 
bananas on sale. The time at which the bananas are harvested depends on the t,me 
needed to transport them to the point-of-sale. Thus bananas are typically harvested at 
week 11 (ie 11 weeks after the flower emerges from the plant) or week 1 2. The green 

» bananas are shipped in bags made of polyethylene about 0.04 to 0.06 mm (1 .5-2.5 m,l) 
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thick, with each bag containing about 18 kg (40 lb) of bananas and being supported by 
a cardboard box. In many cases, after the bananas have been placed in the bag, most 
of the air is exhausted from the bag, and the bag is then sealed; this is the procedure 
generally described in US Patent No. 3,450,542 (Badran). In other cases, the bag 
5 contains vent holes. 



A serious disadvantage of the conventional procedure is the need to harvest the 
bananas a good while before they are fully grown. It would be desirable to harvest the 
bananas at a later time, when they are larger. However, the later the bananas are 
io picked, the greater the propensity for their climacteric to be triggered by small 
concentrations of ethylene, and experience has shown that if the bananas are 
harvested later than the presently established timetables, this results in prematurely 
ripe bananas when the bananas are shipped in vented bags, and in so-called "green- 



/I 



m ripe" bananas when the bananas are shipped in sealed bags. Green-ripe bananas 
'as soften, but remain green, and have an unpleasant flavor. 
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Another serious disadvantage of the conventional procedure is that, in order to 
ripen the green bananas by exposing them to ethylene, it is necessary to open each of 
the shipping bags if, as in most cases, the bags have been sealed during shipping. 

Another serious disadvantage of the conventional procedure is that the bananas, 
once ripened, must be sold within a few days, or scrapped. 



Another serious disadvantage of the conventional procedure is that the heat 
25 generated by the ripening of the bananas is generated over a relatively short period of 
time, which heats the bananas to an extent that causes dehydration of the bananas 
and/or increases the demand on the refrigeration equipment used to keep the bananas 
cool. 
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The present invention mitigates or overcomes one or more of these 
disadvantages by packaging bananas in a bag (or other container) having designed 
permeabilities to oxygen (0 2 ) and carbon dioxide (C0 2 ), and in many aspects of the 
invention, also to ethylene. Some embodiments of the invention make it poss.ble to 
maintain bananas, before and/or after their climacteric in a packaging atmosphere 
which enables storage and/or ripening of green bananas in a controlled fashion. Other 
embodiment of the invention make it possible to store bananas, after their c.imactenc, 
within a desired range of color stages (e.g. within the range most attractive for ratal 
sale) for a longer period than is possible under conventional practice. 

The containers used in the present invention preferably, but not necessarily, 
include at least one atmosphere control member which provides a pathway for 0 2 and 
C0 2 , and which comprises a gas-permeable membrane comprising 

(1) a microporous film, and 

(2) a polymeric coating on the microporous film. 

The atmosphere control member is preferably a control member as described in one or 
more of copending, commonly assigned US Patent Application Serial Nos. 08/759,602 
and 09/121 ,082 and US Patent No. 6,013,293 incorporated by reference here.n. 
Different aspects of the invention make it possible to ripen bananas in a sealed 
container, for example in a conventional ripening room or while the bananas are be.ng 
transported; and/or to harvest bananas at a later time than is now possible; and/or to 
preserve bananas in a satisfactory ripened state for longer than is now poss.ble. 

In a first aspect, this invention provides a container which is suitable for 
packaging bananas and which has at least one, and preferably both, of the following 

characteristics 

( 1 ) the container can be sealed around a quantity of bananas, sa.d quantity 
being at least 4 kg, preferably at least 15 kg, especially 16 to 22 kg, and, when 
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sealed around .he bananas, has an 0 2 permeability at 13 «C. per kg of bananas 
in the container (OP13/kg), of at least 700, preferably at leas. 1000, particularly 
at leas. 1500, ml/a.m.24 hrs and an R ratio at 13 °C of at least 2, preferably at 
least 3 and preferably has an elhylene permeability at 13 °C, per kg of bananas 
in the container (EtOP13/kg) which is a. least 3 times, preferably at leas. 4 t,mes, 
the OP1 3/kg of the container; and 

(2) the container includes at least one permeable control member which (i) 
provides a pathway for 0 2 , C0 2 and ethylene to enter or leave the packag.ng 
atmosphere and (ii) comprises a gas-permeable membrane composing 

(a) a microporous polymeric film, and 

(b) a polymeric coating on the microporous film. 

m m a second aspect, this invention provides a package which comprises 

% (a) a sealed container, and 

| (b ) within the sealed container, bananas and a packaging atmosphere around 

the bananas; 

, , the sealed container having an 0 2 permeability at 1 3 °C, per kg of bananas in the 
5 container (OP13/kg), of at least 700, preferably at least 1000, particularly at leas. 1500, 
ml/atm.24 hrs and an R ratio at 13 °C of at least 2, preferably a. leas. 3. 
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In a third aspect, this invention provides a method of ripening green bananas 

which comprises 

(A) providing a sealed package which comprises 

(a) a sealed container, and 

(b) within the sealed container, green bananas and a packaging 
atmosphere around the green bananas; 

the sealed container having an 0 2 permeability at 13 °C, per kg of bananas in 
the container (OP13/kg), of at least 700, preferably at least 1000, particularly at 
least 1 500, ml/atm.24 hrs, an R ratio at 1 3 °C of at least 2, preferably at least 3, 
and an ethylene permeability at 13 °C, per kg of bananas in the conta.ner 
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(BOP13/kg) which is at least 3 times, preferably at least 4 times, the OP13/kg of 

the container; and 

(B) placing the seated package in an atmosphere containing ethylene. 

in a fourth aspect, this invention provides a method of ripening green bananas 

which comprises 

(A) placing, in a sealable container, 

(a) the green bananas, and 

(b) a source of ethylene; 

(B) sealing the container around the green bananas and the source of 
ethylene, thus providing a sealed package which comprises 

(a) a sealed container, and 

(b) within the sealed container, the green bananas, the source of 
ethylene, and a packaging atmosphere around the green bananas; 

* the sealed container having an 0 2 permeability at 13 °C, per kg of bananas .n 

the container (OP13/kg), of at least 700, preferably at least 1000, particularly at 
,east 1 500, m^atm.24 hrs, an R ratio at 1 3 °C of at least 2, preferably at least 3, 
S and an ethylene permeability at 1 3 °C, per kg of bananas in the conta.ner 

(BOP1 3/kg) which is at least 3 times, preferably at least 4 times, the OP1 3/kg of 
the container; and 

(C) exposing the bananas in the sealed package to ethylene from the source 
of ethylene in the sealed container. 

in a fifth aspect, this invention provides a method of storing green bananas 

25 which comprises 

(A) placing the green bananas in a container which comprises an atmosphere 

control member which comprises 

(1 ) a microporous film, and 

(2) a polymeric coating on the microporous film; 

(B) sealing the container, thus providing a sealed package which comprises 
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(a) a sealed container, and 

(a) within the sealed container, the green bananas, and a packaging 
atmosphere around the green bananas; and 
(C) maintaining the sealed bag at the temperature of 13-18 °C. 

5 

In a sixth aspect, this invention provides a package which is stored in air and 
which comprises 

(a) a sealed container, and 

(b) within the sealed container, 1 to 2.5 kg (2 to 5 lb) of bananas which have 
io passed their climacteric and which are at a color stage less than 5, and a 

packaging atmosphere around the bananas; 
g the sealed container including at least one permeable control member which provides a 
pathway for 0 2 and C0 2 to enter or leave the packaging atmosphere and which 
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09 comprises a gas-permeable membrane comprising 
^5 (1) a microporous film, and 



a 

S 



E 

i n 



L-3 



(2) a polymeric coating on the microporous film; and 
the packaging atmosphere containing at least 0.8%, preferably 1 .5 to 6%, especially 1 .5 
to 3%, of 0 2 , and less than 15%, preferably less than 7%, of C0 2 , with the total 
quantity of 0 2 and C0 2 being less than 1 6%, preferably less than 1 0 %. 



In a seventh aspect, this invention provides a package which comprises 

(a) a sealed container, and 

(b) within the sealed container, bananas and a packaging atmosphere around 
the bananas; 

25 the sealed container including at least one permeable control member which provides a 
pathway for 0 2 ,C0 2 and ethylene to enter or leave the packaging atmosphere and 
which comprises a gas-permeable membrane comprising 

(a) a microporous polymeric film, and 

(b) a polymeric coating on the microporous film. 
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In an eighth aspect, this invention provides a method of ripening green bananas 
which comprises 

(A) providing a sealed package which comprises 

(a) a sealed container, and 

(b) within the sealed container, green bananas and a packaging 
atmosphere around the green bananas; 

the sealed container including at least one permeable control member which 
provides a pathway for O2 ,C02 and ethylene to enter or leave the packaging 
atmosphere and which comprises a gas-permeable membrane comprising 

(a) a microporous polymeric film, and 

(b) a polymeric coating on the microporous film; and 

(B) placing the sealed package in an atmosphere containing ethylene. 

In a ninth aspect, this invention provides a method of ripening green bananas 
which comprises 

(A) placing, in a sealable container, 

(a) the green bananas, and 

(b) a source of ethylene; 

(B) sealing the container around the green bananas and the source of 
ethylene, thus providing a sealed package which comprises 

(a) a sealed container, and 

(b) within the sealed container, the green bananas, the source of 
ethylene, and a packaging atmosphere around the green bananas; 

the sealed container including at least one permeable control member which 
provides a pathway for O2 ,C02 and ethylene to enter or leave the packaging 
atmosphere and which comprises a gas-permeable membrane comprising 

(a) a microporous polymeric film, and 

(b) a polymeric coating on the microporous film; and 

(C) exposing the bananas in the sealed package to ethylene from the source 
of ethylene in the sealed container. 
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In a tenth aspect, this invention provides a method of storing green bananas 
which comprises 

(A) placing the green bananas in a container which comprises an atmosphere 
5 control member which comprises 

(1 ) a microporous film, and 

(2) a polymeric coating on the microporous film; 

(B) sealing the container, thus providing a sealed package which comprises 
(a) a sealed container, and 

io (b) within the sealed container, the green bananas, and a packaging 

_ atmosphere around the green bananas; and 

J (C) maintaining the sealed bag at the temperature of 1 3-1 8 °C. 

63 



In an eleventh aspect, this invention relates to the use, in packaging bananas, of 
!fls a container including at least one permeable control member which provides a pathway 
for 0 2 and C0 2 , and which comprises a gas-permeable membrane comprising 

(1) a microporous film, and 

(2) a polymeric coating on the microporous film. 
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Mo DETAILED DESCRIPTION OF THE INVENTION 

In the Summary of the Invention above and in the Detailed Description of 
the Invention, the Examples, and the Claims below, reference is made to particular 
features of the invention. It is to be understood that the disclosure of the invention in 
25 this specification includes all appropriate combinations of such particular features. For 
example, where a particular feature is disclosed in the context of a particular aspect or 
embodiment of the invention, or a particular claim, that feature can also be used, to the 
extent appropriate, in the context of other particular aspects and embodiments of the 
invention, and in the invention generally. 
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,„ describing and claiming the invention below, ,he ft*** abbreviations 
de«ion,andme,bodso— -~ ^ ^^S^ 
C0 2 permeability. EtTR is ethylene transm,ss,on rate. OTR, COTR and 
L g ven in mvV.atm.24 hrs; in some cases, the equivalent in co/,00 rnch .a,m^4 h re 

, pa—. ot R «, <»* — , 0 ^ « - — 

usinc a permeability cell (supplied by Millipore) in which a mrxture of 0 2 , C0 2 and 
usmg a perm y (1Q ^ except where 

helium is applied to the sampie, usmy a H 

Cheese noted, and the gases passing through the sample were analyzed fo 0 and 
CO Ty a gas chromatograph. The cell could be placed in a water bath to control the 
rempe ature. The abbreviation P,„ is used to denote the ratio o. the oxygen 
permeability a. a firs, temperature VC to the oxygen permeability a. a second 
emperature T„ where T, is <T,.,orC, T, being 10>C and T 2 being 0»C uniess 
otherwise noted. The abbreviation R or R ratio is used to denote he ra of 
permeability to C, permeability, both permeabilities being measured a 2 
therwise noted. Pore sizes given in this specification are measure ' ™ 
porosimetry or an equivalent procedure. Parts and percentages are by we,g ., except 
for percentages of gases, which are by volume; temperatures are in degrees 
C Imdt and molecular weights are weigh, average molecular weights expresse ,n 

PO.-s, the abbreviation T. is used to deno. the ^o, 
melting, the abbreviation T P is used to denote the online me,„ng port and the 
Ireviation *H is used to denote the hea, of fusion. T. T, and AH are measu^d by 
me of a differentia, scanning calorimeter (DSC) a, a rate of ,0'C/minute and on the 
means measur ed in the conventional way well known to 

;:r s r " r:. ; - : r^z— - - - - , e DSC ^ ^ 

. - - intersection o, the baseline o, the 

, in e, the onset line being defined as the tangent to the steepest par. of the DSC curve 

below T p . 

Where reference is made herein to sealing bags containing bananas « is to be 
„ understood tha, the sealing can be, bu, generally is no,, hermetic sealing. Conven„ona, 
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m e,hods for sealing bags o, .ananas can conveniently be ~*£££!T 
conventional methods induce, .or example, ,he use o, a cable e «° ^ e ° 
the bag A seal made by conventional methods is not a hermefc seal, and has the 
ri 9 e ha, it permits equilibration o, the pressures inside and outside the bag. I. 
" sealed hermetically, it wil, 3 eneral,y be desirable to include one or more 
pinholes in the bag, to achieve such equilibratron. 



ControlMembers 



Sri 



As noted above, this invention preferably makes use o. an atmosphere control 
'° member^, (a, a micropore, polymeric tilm, and (b, a po^ri, < = 
S the microporous film. The microporous p.ymeric *, — ^ I^l a, 
a of interconnected pores having an average pore s,ze of le s 0 2 

1 least 70% of the pores having a pore size o. less than 0.24 m,cron. Preferably the 

2 Is in temicr porous film constitute 35 to 80% by volume o, the microporous „m. 
ff Zl Lropol films comprise a polymer* matrix composing ( i, an — y 
- Tear ultrahigh molecular weigh, polyethylene having an intrinsic v,scos,ty o , lea^ S 

Zers/g, or (ii, an essen«a,ly linear ultrahigh molecular weigh, po^ropy^ hav,ng 

- — *-* ot -r r ^rt, * - . 

Z A preferred process for preparing suable microporous films compnses 

(aI preparing a uniform mixture comprising the po^meric matnx matenal 
in the form of a powder, the filler, and a processing o,l; 
(B ) extruding the mixture as a continuous sheet; 
, C) forwarding the continuous sheet, without drawing, to a P a,r of heated 
calender rolls; 

(D) passing the continuous sheet through the calender rolls to form a 
sheet of lesser thickness; 

(E) passing the sheet from step (D) to a first extraction zone ,n wh,ch the 
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passing oil is M removed by ex.rao.ion wi.h an organ erfr ct,on 
« quld which is a good solvent .or .he processing oi,, a poor solvent or .he 
polymeric matrix material, and more volatile than the processing 0,1; 
F) passing the sheet .rom step (E) to a second extraction zone ,n which 
, he organic extraction liquid is substantially removed by steam or water or both, 

t) P-sing ■» ^ "° m S,9P (F) * r0U9h 3 ' 0rCed * *" ,0 r9m0Ve 
residual water and organic extraction liquid. 

The polymeric coating on the control member preferably comprises a 
c,s-ne polymer having a pea, melting temperature Tp ot -5 to 0 C o, 0 
? 1 5°C or 10 to 20 °C, an onset of melting temperature To such that ( T p - T 0 ) less 
S han '1 0 -C and a hea, of fusion of a, leas, 5 J* The polymer preferably compnses 
a d chl crystalline polymer moiety composing, and option* consisting of, un« 
el from «Ia, leas, one ,a,ky, ac.late or ™^J>^^ 
tor example an amide) in which ,he n-alkyl group contains a, leas, 12, preferably 

5 " 00% preferably 50-100%, often 80-100%, and ,ii) one or more comonomers 

I il JL acid, methacrylic add, and esters o, ac,,ic or — ac,d 
in which the estenfying group contains less than 10 carbon atoms. The * ym* ^ 
et lock copolymer in which one o, blocks is a crystalline polymer as defined an 
12 blocU . crystalline or amorphous. Preferred blooK copolymers compnse 
po,ysi,oxane polymeric blocks, and (ii) online polymeric blocks hav,ng a 
T„ of -5 to 40»C. Such a polymer can be prepared by copolymers a mixture o, 
l.n«s which comprises ,i> a, least one ,a,ky, achate or mediate in which the 
TalM group contains a, leas, 12 carbon atoms and „i) a potysiloxane having a 
copolymerizable group at one end thereof. 
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Other polymers which can be used to the ooa. the microporous film include cis- 
polybuladene poly (.—.one,, poiydimeth, ™, and e,hylene.propy,ene 

rubber. 

The gas-permeable membrane preferably has one or more o, the foiiowing 

P ' 0Pe T a P,o ratio, over a, ieas, one 1 CO range between -5 and 1 5 °C or between 

10 and 20 °C, of at least 2.0 to 2.8; „„„,-„, 
m an oxygen permeability a. all temperatures between 20- and 25-C of 

2 480 000 «0 7,000,000 m.m*a,m.24 hr. (160,000 ,0 450,000 cc/100 

in 2 .atm.24hr); and .i^,*.; 
5 (iii) an R ratio o. a. leas. 2.0, preferably a. leas, 3.0, partly a, leas, 3.5. 
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embodiment, the control memu«. ^„. K . — 
the gas-permeable membrane; and 

an apertured cover member which lies between the gas-permeab.e 



in one embodiment, the control member comprises 

■ * 

(a) 

(b) 

membrane and the air surrounding the package; 
the gas permease membrane having, in the absence of the apertured cover 

membe ( ij an 0 2 permeabiHty, OTR pe „ of at .east 155,000 m./m 2 . atm .24 hr 

(10,000 cc/100 in 2 • atm • 24 hr), and 
(ii) a permeability ratio, Rpem,, of at least 2, and 
the aDertured cover member being composed of 

(J a barrier portion having an 0 2 permeability, OTR bar> which ,s less 

than 0.5 times, preferably less than 0.01 times, OTRperm, and 
00 an aperture portion which comprises at least one aperture hav.ng 
an area of at least 0.015 in 2 and through which the gas-permeable 
membrane is exposed to the air surrounding the package, the 
aperture portion being such that the control member has a 
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permeability ratio, FW which is a, most 0.9, preferably a. most 
0.8, times FW ahd which is preferably greater than 1 .00. 
The aperture portion of the cover member may have an area which is a, most 0.04 
^ A I wL Apemt is ,e area o, the gas-permeabie membrane. The aperture 
Ion n consist of one or more apertures, each aperture havrng an are^W 
Lss than 0.1 55 in* For further details of such atmosphere for control members, 
reference should be made to U.S. Patent No. 6,013,293. 

. The permeability of the container, whether or no, it includes an atmosphere 
control member, can be influenced by perforating the container in order to maKe 
plurality of pinholes therein. 



pinin g hananar in nn "» h Y'°™ ^mosohere 

,„ the third and eight aspects of the invention, green bananas are ripened while 
• a JTollr-r This method can be carried out in a conventional ripen.ng room 
,n a sealed conta.ner i concentra tion of 500 to 1000 ppm. 

containing ethylene, typically but not necessarny unne cessary to 

,t was surprising to discover that, when using suitable conta.ners, .t was unnece ssary 
It was surpnsiny , • „ thQ hnn « and that the bananas would ripen 

Zr^T^Z^T^ — o, ripening bananas is 
ht h ling taKes place in a more controlled fashion, resuiting in lower pea* 
2 — in 'ne bananas, which in turn results in reduced dehydration of the 
bana-l reduced demand upon the refrigeration equipment when the npenrng ,s 
carried out at temperatures below room temperature. 

The temperature a, which ripening is earned ou, and the concent. fen of 
9t „vlene in the atmosphere influence the rate a. which npening takes place. In genera,, 

r r : - . * — h . * * 

long er period. On the other hand, this e^— ining 

required by retail outlets and inventory constraints. Generally the ethyle 
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atmosphere will be stained a, the temperature less than 22 °C, preferably less than 

20 °C, for example 16-21 °C. 

The atmosphere within the bags will change substantially during the ripening 
process, as the bananas consume 0 2 and generates C0 2 . Preferably, the packaging 
atmosphere, for a, leas, par, o, the period before the bananas reach 
contains a, leas, 10% preferab* a, leas, ,2%, particularly 14 ,o 19* c« O, , and e 
,han 10%, preferably less ,han 4%, o, C0 2 , with ,he ,o,al quantity o. 0 2 and CO, being 
less ,han 20 %. preferably less ,han 17 %. For a, leas, part o, the period after ,he 
bananas have passed ,heir climacteric, ,he packaging a,mosphere preferably «*» 
a, leas, 0.8%, preferably 1.5 to 6%, especially 1 .5 to 3%, of 0 2 , and less , than 15 /. 
preferably less than 7%, o, C0 2 , with the ,o,al quantity o, 0 2 and CO, be.ng less ,han 
K 1 6%, preferably less than 1 0 %. 

ifi 

n inn mn-m-r -'"i - °'"""-" p within lhe containe i 

l„ the third and ninth aspects of the inven,ion, green bananas are ripened by 
m eans of a source of ethylene placed with the bananas in the sealed container. Th,s 
aspect of the invention is particularly useful for ripening bananas while they are be,ng 
„ transported, for example on a ship. The ripening process can be controlled so tha, the 
nanas are a, a desired color stage when the bananas reach their 
the ripening process, there is no need to alter the norma, atmosphere ,n wh,ch the bags 
!i bananas are being transported (though the invention does not exclude the poss,b„„y 
,ha. a controlled atmosphere is used). The source o, ethylene can make ethylene 
„ available immediately after packaging the bananas, or atter a desired delay. 

in Ihese aspects of the invention, relatively slow ripening of the bananas is 
general* desired, and in consequence the temperature around the bags o, bananas ,s 
generally controlled, during a. leas, par, o, the ripening process, a. a temperature less 
,„ than 18 °C. preferably less than 16 °C, for example at 14-15 °C. 
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Any convenient source o, ethylene can be used. , have obtained B£ ~* 
using 2-chloroe.hyl phosphonic acid, which is often referred to herein as 2CWL 2CPA 
can be used in the form o, an aqueous solution, for example of concentrator , 3-4 /.. 
The rate at which 2CPA generates ethylene increases with increasing pH of the 
a eo s olution, which can be adiusted, for exampie ,o more than 4, particularly more 
ban by the addition of suitable materials, for examo,e buffer solutions and/or sodrum 
biLbonate solutions. In one embodiment, a 2CPA solution and any pH adhere 
adsorbed on the same or different absorbent pads, e.g. paper pads, and « > 
p,aced ,n the bottom o, the bag and covered with a polymeric sheet be.or , bananas 
are placed in the bag. ,n another embodiment, a solution of 2CPA ,s applied o *e 
green bananas, for example by dipping or spraying, before the bananas are placed ,n 



til 



o 

F^tO 



25 



the bag. 



As in the aspects of the invention which involve ripening in an ethylene- 
containing atmosphere, the atmosphere within the sealed bags containing the source o, 
ethylene wil, change during the ripening process. The atmospheres ,n . ba^o * 
least par. of the periods before and after the climacteric, are preferably as stated above 
when the bananas are ripened in an ethylene-containing atmosphere. 



Quantities of bananas 



The invention can in principle be used for any quanBy of bananas. However, 
when the invention is used for ripening bananas, or for storing green bananas, ,. ■ 
particularly valuable when redely large quantities are involved. Thus ,,s generally 
preferred that the sealed container contains at least 4 kg, preferably least 15 kg, 
spllly 1 6 to 22 kg o, banana, However, in the six* aspect o, the ,nven,,on mu h 
smaller quantities (1 to 2.5 kg (2 to 5 lb.) are used in order to increase the she,, ,„e o. 
the bananas at a desired color stage. 
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EXAMPLES 
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The invention is illustrated in the following Examples, a number of whrch are 
compare Examples, designated by the letter C before the number o, , e example. 



Bananas 



The bananas were Cavendish bananas, from Ecuador in Examples 1 A*C1 1- 
12 , 2 , 02, 4A-B and C41-42, from Costa Rica in Examples 5 A-C and C5, and from 
Colombia in the other Examples. 

^ n qr m (38 in ) wide and about 1 .2 m (50 in.) long, 

Tha larae bags were about 0.96 m ido m.j wiw a 

and Jrld 9 e frorn P o, y e,h y lene film about 0.0SB mm (2.2 

Boplas, induces under the tradename RA 3030). The polye, ylene m had an OT 

1 , 3 »C of about 291 5 (1 88) and at 22 °C of about 4,650 (300), and EtTR at 1 3 C of 

, 1, 00 735, and a, 22 »C o, about 18,100 <1,170), an R ratio o, about • «. «. . 

about n, ; were abQUt 0 3 m (12 

r:;:^::^:;^ were made trom the same polyethylene 



film. 



20 



25 



SmS ^S control members were as deseed in copending commonly 

■ „„, u s Application Serial No. 09/1 21 ,082 and corresponding Internal 
^ and composed a microporous po^hyie, £ «- 

1 a po,ysi,oxane/SCC bloc, copotymer. The Type S members hac an OTR ;* * C 

Th « * 803 850 (245 410) and at 22 °C of about 5,000,000 (324,000), an EtTR at 13 

VTS^Z .050,300, and a, 22 «C o, about - 
ratio of about 3.8, and a P10 ratio (between 0 and 10 °C.) of about 1.8. The 
Soporous polyethylene film contained 50-50% silica, had a thicKness o abo. 0,8 

lk , ^u... lt Qnn a nnros tv of about 65%, an average 
mm (0.007 inch), a tear strength of about 90g, a porosiiy o 
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por6 5ize of about 0 , m , and . ^ - . Z — d 

PPG industries under the tradename Teslin SP 7). The dioc v y 
by th e reaction of a polydimethyl siloxane terminated one end only by a 
Lacryloxypropy, group (available trom Oeies, under 

Example A7 of U.S. Application Serial No. 09/1 21 ,082 

Pt ihlioation No. WO 00/04787. 

The Type A control members were as described in copending commonly 

o ■ . m« 602 and corresponding International 

coated with an SCC polymer of dodecyl acrylate, 42 p . 

, ,• „id ^ narts The Type A members had an OTR at 22 C ot aooui 
and acrylic acid, 5 parts. The iyp atj0 (betwee n 0 and 10°C.) of 

1 ,705,000 (1 10,000), an R ratio of about 4, and a P10 ratio (berw 

P31 33 the periphery of the control member was heat sealed to 

r m 3 293 In the other Examples, the control member was secured to 
2 Z l -ans ot a layer ot a pressure sensitive adhesive on the peroral ma., 

°' rrCs reterred to in the Examples are those accepted by the indust. 



I Si 



^B5 
U'l 

m 



25 



and as shown below. 
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Color stage 
T 
2 
3 
4 
5 
6 
7 



ft 

D 



; i 

s ?? 

y s 

s El 



LA 
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Description 



95% green 

80% green, 20% slightly yellow 
50% yellow, 50% green 
80% yellow, 20% light green 
95%^^ 
100% yellow 



1 



00% yellow with brown sugar spots 



B Bananas are preferably at color stage 3.5 to 5 when put on retail sale. 

Many o. the Examples are summarized in Tables 1-8 beiow. In 
more than L result is g,en for a pabular Example, this reflects the fac, that mere 
than one test was carried out under the same condrtions. 



20 



c mplB .iA-B.C11-12,2andC2 , ABan d2 each 

Each of these Examples a large bag. In Examples C 1 1 ,1 A-B and 2 eac 
baa has one S-type control member placed under two or more holes in the bag. In 
ExalpL C 1 Z control member had an area o, 1 935 mm* (3 in=> and was placed 
H i 1 holes, each o, diameter 20, mm (0.8, in.). In Example 1 A. the con ro 
melr had an area o, 8450 mm* (, 0 in*, and was placed under 8 ~ 
diameter 20.6 mm (0.8t in.,. In Examples 1 B and 2, the control mem . had an are 

o, ,2 900 mm 2 (20 in 2 ) and was placed under 6 holes, each of d,ameter 28.7 mm (1 .13 
of 12,900 mm i I $ The bananas had 

m\ Fach baa was packed with about 20 Kg iu| 

in), tacn uda ™ K .«,,., orwahnut 11 davs after harvest 

been harvested at week 1 1 and maintained at 1 3-14 C for about 11 day 

ore being packed. Except in Examples C12 and C2, excess air was extracted from 
hlgs using 3 v-um pump, and the bags were then seaied 
Examples C12 and C2, the bags were left open. The bags were l and 

,or an extended time, Examples 1A, 1B, C11 and C12 being terminated a. day 62, 
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In Example z, tra ' d lhe banan as to ripen more rapidly than 

in the test chamber from Example 1 and caused t 

in the otherwise substantially identical Example 1 B. Tr»s demonstra 

: Z 1 3 when long storage periods are needed (and conversely, the 

ability to accelerate ripening when desired). 



ft— | 
, 



fUi. 

If 

ft.. Tf1 -5 



s _. _* 
** 

LI ; 

<s* » 

* * f 
faf s 



D 

*sss 



21 



13282-1US 



Table 1 



PI 

. 

fti* ft 

ST3 



m 

M.I 



o 

in 



ps5 



Example No. 



Control member 



Total area of holes in bag 
under control members (mm ) 
Color stages 
first change at day 
days to change from 3.5 to 4.5 
days to change from 3.5 to 5 
Weight loss (%) on day 26 

on day 41 



Taste and texture on day 40 

on day 62 



5 /o0 2 (approximate) 
at day 7 
at day 8 

at day 47 (after climacteric) 




0.38 0.45 



Overripe 



5.1 



11.9 



% C0 2 (approximate) 
at day 7 
at day 8 

at day 29 (after climacteric) 
at day 47 (after climacteric 



5.0 



13.8 



0.96 



2.2 



5.3 



3.6 



3.05 



5.3 



7.9 



8.4 



atm 




atm 


atm 


14.35 


atm 


atm 


2.15 


atm 


atm 




atmt 


atm 


3.05 


atm 


atm 


8.0 


atm 


atm 





atm 



UGH unripe, green and hard. te H a tHax#R2 
• the bananas had a color o. 4.5 when .he test was .erm,na.ed a, day 62 

Pvrt pxcellent taste and texture 

r terminated a, this point; extrapoiation indicates tha, time to change from 
color 3.5 to 5 would be 5.9 days. 

, Bananas removed on day 26 because they were over-npe. 
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gSmE SS1Lp te s uses a iarge bag. In Examples C31-33 and 3, each bag 
has one S-type control member placed under one or more holes in the bag. In 
Example C31 , the control member had an area o, 967 mm* (1 .5 in*) and was placed 
under a single hole of diameter 20.6 mm (0.81 in.). In Example C32, the con.ro 
member had an area o. 1935 mm 2 ,3 in*) and was placed under 2 holes, each of 
diameter 20.6 mm (0.81 in.). In Example C33, .he control member had an are o. 3225 
mm 2 (5 in 2 ) and was placed under 4 holes, each of diameter 1 9 mm (0.75 ,n.). n 
Example 3, .hecontrol member had an area of 12,900 mm 2 (20 in 2 ) and was placed 
Ir e holes, each o, diameter 25 mm (1 in.). In Example 034, the bag d i no, have a 
control member. Each bag was packed with abou. 18.1 Kg (40 ,b) o, green banana . 
The bananas had been harves.ed a, wee. 1 3, and maintained a, 13-14°C tor abou, 1 1 
days after harvest before being packed. Except in Example C34, excess air was 
extracted trom the bags using a vacuum pump, and then securely tied (the b„e 
no, however, as completely seated as in Examples 1 and 2). In Example C34 the bags 
were left open. The sealed bags were cooled te abou, 1 3 »C and shipped ,o Gu, port 
Mississippi, and ,hen te San Francisco, California, maintaining the temperature 
,3 °C in San Francisco, 36 days after packing, hal, ,he bags in each Example were 
opened, and ,he Cher hal, left in,aC. A„ ,he bags were ,hen exposed ,o ethylene (500- 
,000 ppm) in a commercial ripening room for abou. 24 hours. The bananas ,n the 
opened bags ripened rapidly in the expected wa y; thus by day 43, therr color was , by 
day 46 their color was greater than 7, and by day 49, .hey were overnpe. The bags 
wh ch were stil, sealed were opened on day 49. The results for the bags opened on day 
49 are shown in Table 2 beiow. These Examples demonstrate tha, bananas harvested 
a, , 3 weeks can be .ransported in a suitably designed bag, and can be npened ,nte an 
exce„en, produc, by exposure te e,hyiene, ei,her .hrough ,he bag or after open.ng the 

bag. 
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TABLE 2 



Example No. 



Control member 

T^TaTea of hole(s) iiTbag under control 
member (mm ) 

Days to changelrom color stage £5to~ 
color stage 5 

Taste and texture on day 49 



C31 



yes 



C32 



335 



yes 



670 



C33 



yes 



1140 



yes 



C34 



3040 



no 



>8 



>8 



% 0 2 (approximate) at day 23 

at day 46 



>8 



5.5 



DDU 



SGU 



SGU 



8.6 
2.9 



9.8 
0.6 



SGU 



% C0 2 (approximate) at day 23 

at day 46 



4.45 
13.8 



3.65 
11.4 



12.7 
1.8 



Exct 



3.3 
5.0 



15.5 
2.2 



DDU 



2.85 
9.0 



SGU 
DDU 



Exct 



soft, qreen and unpalatable 

lydra.ed, decayed and unpads by day 47 (day 1 1 after exposure ,o 

ethylene) 

excellent taste and texture 



10 



15 



^tSS^s a small bag. In Examples 4,3, each bag .as 
one A-We con.ro, member placed over .our or five holes in .he bag. In Examp * 
le con rol member Had an area o, US mm* ,5, in*, and was piece d over o 
each o. diameter 19 mm (0.75 in.). In Example 4B, .he con,ol member had a ea o 
6 mm* (7 in*, and was placed over 5 holes, each o. diameter 19 mm ,0.75 In 
Exlpie L , the con.ro, member and the holes under i. were 
excep. .ha, the con.ro, member was an uncoated microporous Mm. h. Example C42 
I ba was intac. excep, .or 2 00 pinholes each abo, 0.5 mm » gauge^n 
Each bag was packed with abou. 1 .35 kg (3 lb) o, green bananas wh,ch had been 
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SB 
LP 
CO 



• h ♦ 1 q 1 a °c f or about 1 1 days after harvest. Except in Example C42, 
maintained at 13-14 C tor aDoui u y 

excess air was extracted from the bags using a vacuum pump, and the bags were t 
I e v tied, In Example C4 2 , the bags were ,e« open. A«er three ays « , a low »e 
packaging adhere to eguilibrate, the bags were exposed to ethy e (500,™ 
ppm) in a ripening room. The results are shown in Tabie 3 below, 
demonstrate that small ouantKies o. bananas can be ripened ,n a surtably designed 
Z, and can remain in the bag in excellent condition ,or several days longer than 
bananas exposed to the air. 

Table 3 



o 

in 



IT 



Example No. 



Control member 



TolaTiTia^raeTi^^ 



ColoTsla^o^^ treatment 



Vvii^hTioisl%^^ 



TiitelTtelSuTe^^ 




* uncoated microporous film 
Exct excellent taste and texture 



15 



20 



Pvnmnlps 5A 5B, 5C and C5 

Samfi ^^ a ; tha, the bananas generate heat more even y when 
ripened T : n a contJer including an atmosphere control member. ^« a 
larg e bag was packed with about 18.1 kg (40 lb.) of green bananas. The een 
bananas had been ha.es.ed 13 days previously and had been store a, 13-14 C 
since harvest A temperature sensor (available from Sensitech, Beverly, 
:i chusetts, under the tradename Temptale P, was inserted into one^ana ,„ 

each bag In each of Examples 5A, 5B and 60. the bag had two S-type control 
eacn oag. in ol member was 

members, each having an area of 1 1 ,300 mm (1 7.s in j. 



25 



13282-1US 



10 



■brw 



m 



%b3 



n 

T - 



• hnto in the baa the hole having an diameter of 70 mm (2.75 in.) in 

„ bag were then seaied with rubber bands. The seaied bags were p,a e n a 
, .„hn,*ia°C After about 84 hours, the temperature of the room 

ir r i: re* - « - **~ r 

: Z an initia, eth y ,ene oonoenfration in the room o, SOO-t 000 ppm. About 2 4 

:::::::: n ^— - — *~ * - ba9s — * 

control members than in the perforated bag. 

Table 4 



Example No. 



|5A (~5B 



Control member 



Tolidlria^fTo^ 
Teli^^at^^ 

room was set to 16.7 C 

Peak Temperature "C 



yes 



7700 



yes 



5C C5 



8700 



yes 



no 



9700 



16.3 



15.9 



15.7 



16.6 



21.2 



DrtfeTel^be^ 
%^60^ourslifte^^ 



4.9 



%CC760hours after injecfion of ethylene 



2.2 



21.1 



20.9 



5.3 



7.95 



1.75 



5.2 



23.9 



7.3 



1.9 



6.1 



7.4 



20.95 



0.03 



15 



20 



'^^^nese samples uses a iarge bag having two S-type controi members, 
each o n o, member having an area o„ , ,300 mm* ,1 7, in >. «^ 

^ c in thP baa each hole of diameter 25.4 mm (1 in). A paper 
was placed over seven holes in the bag, eacn i.u 

was piace impregnated with an aqueous solution of 2CPA 

pad about 300 x 400 mm (12 x 16 in.) impregnate 
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a 3 

IMP? 



"55? S 



m 

■CP 1 

in 



„ ■* > was placed in the bottom o. each bag and covered with a sheet o. polyethylene. 
Z lint dTh solution vaded trom Example to Sample, and is shown in Tab e 5 

ow 2. Ill * lb.) o, preen bananas were then placed in each ha, a he 
hagTwere sealed with rubber bands. The green bananas had been - -ed a 1 3 

iTabou, 1 1 days after harvest. The sealed bags were left in a coid room a. 13- 
14 O tor aDoui uay shows the 

14 °C. The color stage of the bananas was monitored, and Table 5 below 

time in days taken to reach color stages 4 and 5.5. 

Table 5 



Example No. 



Control member 



6A 



6B [6C 6D 



Total area of holislrTbag under coWol 
members (mm ) 



■mTofl^/o 2CPA solution on paper pad 
Days to color stage 4 



yes 



7100 



yes 



7100 



yes 



7100 



30 



11 



50 



yes 



7100 



6E 



yes 



7100 



Days to color stage 5.5 



17.5 



10.8 
20.4 
10.5 



100 



10.6 
20.1 
11 



200 



17.5 



Diylff^nTcolor stage 4lo~wior stage 5.5 



6.5 



17.4 
24.2 
17.4 



11 
12 
11 



500 



16 
16 
16 



9.6 
12 
11 



6.8 

3.1 
6.4 



5 
4 
5 



16.1 
16.9 
16.3 



6.5 
4.9 
5.3 



10 



* this color stage had not been 
days. 



reached when the experiment was terminated after 27 



^-SSt, a was tollowed except tor the changes noted below. 
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e 



, |„ Examples 7A-D, Ihere was a single hole, diameter 82.5 mm (3.25 in.) 
under each o. the .wo con.ro, members. The total area o. .he holes was 10,700 



mm 2 . 
2. 



x in Examples 7A, 76 and 7C and in comparative Examples C72 and C73 
a paper pad impregnated with 0.1N NaHCO, solution was 
paper pad impregnated with 2CPA solution, thus increasing .he pH of the 2CPA 
solution and increasing .he ra.e a. which e.hyiene was genera.ed. The amount 
of .he NaHCO, solution varied from Example to Example as shown m Table 6 

in Examples 7D and C74, 2CPA was not used, but three days after 
packing, .he bags were exposed .o ethylene for 24 hours in a conventional 
ripening room at 16.7 °C and containing 500-1000 ppm of ethylene. 
4 Comparative Exampies C71 -74 were carried out in which no ethylene „as 
used (C71), or .he bag was sealed bu. did not have a control member (C 72-73), 
or the bag was not sealed (C74). 

5. The ethylene concentration in .he bags was measured a. vanous t,mes 

after packing. 
The results obtained are shown in Table 6 below. 



28 



13282-1US 



Table 6 



3 ' 5 



III 



St! 



ir 



<bsr 



Example no. 


7A 1 


7B 


"Control member 




ves 


mL 3.9% 2CPA solution 


30 


OA 

30 


mLO.IN NaHC0 3 


15 


30 


Exposed to ethylene in 


no 


no 


ripening room 






Days to color stage 4 


12 


10.2 


12.5 


10.2 




15 


8.4 


[Days to color stage t>.o 


I * 


* 
* 



7C 
yes 
30~ 



60 



no 



7D 
yes 



no 



no 



6.2 
9.4 
9.8 



yes 





C71 






C74 




yes 


no 


no 


no 




no 


30 


30 


no 




no 


13 


30 1 


no J 




no 


no 


no 


yes 



Days from color stage 4 to 
color stage 5.5 



9.5 

12.5 

12.9 



6.5 
6.5 
7.1 



M Color after 1 5 days 



ppm ethylene after 
0 hrs 
7 hrs 
72 hrs 
79 hrs 

%0 2 after 1 5 days 



0.47 
0.58 
0.68 



3.73 



6.23 



4.11 
2.36 
1.94 
3.28 



3.3 
3.1 
3.1 



11.5 

12 

12.3 



4.2 
4.5 
4.5 



3.97 



6.2 



8.65 
10.04 
6.66 
4.7 



5 

5.5 
5.2 



6.6 
7 

7.2 



3.72 



4.67 



5.72 
7.81 
10.85 
9.43 



2.4 
2.5 
2.7 



10.7 
13.35 
20.51 
16.65 



0.21 



27.3 



0.34 



25.5 



J 



10 



%CO? after 1 5 days j i l 1 — - . 

p Ynm p| Q c ftA-l and C81-83 

Exampte s 8A-J and C 81-83 followed the same procedure as Examples 7A-C 
and C71-74 except for the changes noted below. 

, . The Methylene, 0 2 and C0 2 concentrations were determined a. afferent 

IT 8 ' in some of the examples, the second paper pad was impregnated with 30 
mL of an aqueous buffer solution (i) containing potassium phthalate and hav,ng a 
p H of 4, (ii) containing dibasic sodium phosphate, monobasic potassmm 
phosphate, sodium chromate and potassium dichromate, and having a P H of 7, 
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or m coning sodiur* carbonate and sodium bicarbonate and ha*g a o« 
"o These butter soiutions are avaiiabie from Orion Research incBeveriey, 

rt E S ir 8 H and 083, - baa was taKen to the ripenino. room 3 days 

. I" tSU SO, the seaied baas were M in a room a, about „ °0 On ,e 
other Examples, the room was at 13-14 °C). 
5. in Example C83, the bag was not sealed. 
The results are shown in Table 7 below. 
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Table 7 



Control member 



8A 



mL 3.9% 2CPA 
solution 

mL 0.1 N NaHUU 3 



yes 



8B 



30 



yes 



8C 8D 



30 



yes 



30 



yes 



30 



8E 



yes 



8F 



30 



30 mL of buffer having 



no 



pH4 



no 



Exposed to ethylene in 
ripening room 



no 



pH7 



no 



no 



pH 
10 



45 



yes 



8G 



30 



yes 



30 



8H 



yes 



no 



C81 



yes 



C82 



no 



C83 



no 



60 



no 



no 



75 



no 



60 



no 



30 



no 



no 



no 



no 



no 



Days to color stage 4 



11.9 
13.0 
14.3 



15.4 
11.3 
10.1 



Days to color stage 5.5 



15.3 



13.1 
11.5 
10.8 



no 



no 



no 



no 



no 



60 



no 



no 



no 



no 



9.4 
9.0 
10.1 



m 



S3 

■* * 

ft 9— 



Days from color stage 4 
to color stage 5.5 



16.6 



15.7 
12.3 
15 



8.5 
9.3 
8.0 



13.8 
13.1 
11.9 



9.0 
8.1 
8.1 



8.2 
7.6 
6.7 



yes 



no 



no 



yes 



7.7 



10.6 



ppm ethylene after 24 
hrs 



0. 88 



5.8 



1.67 



1.37 



6.3 
3.3 
4.9 



5.3 
3.8 
3.9 



12.4 14.8 
11.4 12.2 
1 1 .4 9.0 



14 



3.7 
3.9 
3.9 



3.25 



4.39 



3.4 
3.3 
3.3 



5.58 



6.2 
4.6 
2.3 



6.3 



5 
6 
6 



10.9 



2.93 



3.2 



2.39 



2.52 



0.49 



0.39 



1.3 
2.1 
2.1 



39.5 













1.95 


2.97 


17 


0.3 




7.97 


4.73 


, 1 


17.6 





0 



10 



days. 

• - «-* — ,or - chan9es no, t b 7o, 

T Tl was a single ho,e, dialer 82, mm (3.25 ,n,, under each con.ro, 
member. The total area of the hole was 5350 mm 2 . 

2 No 2CPA-impregn a ted paper pad was placed in the bag. 

3 The bananas, before being packed into the bag, were dipped ,n«o a d„u. 
aqu eous lion of 2CPA. The concentration o, the 2CPA vaned from Sample 
to Example as shown in Table 8 below. 
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4 Comparative Examples C91 and C92 were carried out in which the bag 
did not have a control member (C91) or the bananas were not treated with 2CPA 
solution (C92). Comparative Example C91 is the same as the comparatrve 

Example C71 . 
The results obtained are shown in Table 8 below. 

Table 8 



- 





■ 

Example No. 






9A 


9B 


C91 


C92 




Control Member 


yes 


yes 


no 


yes 




Concentration of 2CPA (ppm) 


1116 


128 


1116 


0 




Days to color stage 4 


11.9 


14.6 


* 


* 




10 


* 


* 




w. 

* 




11.9 


11 


* 


★ 
* 


i 5 ! 


Days to color stage 5.5 


* 
* 


* 


* 
* 


l * 














0 




* 


* 


* 





10 



• this color stage had not been reached when the experiment was terminated after 27 

days , 7AP 
Table 9 below shows, for each of the bags in Examples 5A-C, 6A-E and 7A-b, 

the permeability of the bag to 0 2 and to ethylene ("Ef in Table 9), and the respective 

contributions of the control member and the remainder of the bag. For this calculate, 

the size of the bag, after sealing, was assumed to be 0.96 x 1 .04 m (38 in. x 41 in.), ,.e. 

2 2 

to have a total area of 2 m (31 15 in ). 
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Table 9 



Example 
No. 



C11 



Perm, of bag 
(mL/atm.24hr) at 

13°C 



1A 



0 2 8,450 
Et 36,000 



Perm, of bag 
at 1 3°C /kg of 
bananas 



1B 



C31 



0 2 13,500 
Et 57,650 



0 2 470 
Et 2,000 



Hole area 
(m 2 ) 



Perm. Of 
ACM at 1 3°C 



0.000670 



Perm, of rest 
of bag at 
13°C 



0 2 20,650 
Et 88,250 



0 2 745 
Et 3,185 



0.002000 



0 2 2,550 
Et 10,900 



0 2 20,650 
Et 88,250 



0 2 1,140 
Et 4,875 



0.003880 



0 2 7,600 
Et 32,550 



0 2 5,900 
Et 25,100 



0 2 7,200 
Et 30,650 



0 2 1,140 
Et 4,875 



0.003880 



0 2 14,750 
Et 63,130 



0 2 5,900 
Et 25,100 



C32 



C33 



0 2 8,500 
Et 36,000 
0 2 10,250 
Et 43,650 



0 2 395 
Et 1 ,695 



0.000335 



0 2 14,750 
Et 63,130 



0 2 5,900 
Et 25,100 



Q 2 1 ,300 



0 2 5,900 
Et 25,100 



0 2 17,450 
Et 74,600 



0 2 470 
Et 2,000 
0 2 565 
Et 2,400 

"67 



0.000670 



0.001140 



965 
Et 4,120 





Et 


5,500 




o 2 


2,550 




Et 


10,900 




o 2 


4,350 




Et 


1 8,550 



0 2 5,900 
Et 25,100 



0 2 5,900 
Et 25,100 



0.003040 



5B 



0 2 35,000 
Et 149,800 



5C 



6A-E 



0 2 39,000 
Et 166,650 
0 2 42,900 
Et 183,550 



0 2 1,935 
Et 8,280 



0.007700 



0 2 5,900 
Et 25,100 



Et 49,500 



0 2 5,900 
Et 25,100 



0 2 2,155 
Et 9,200 



0 2 29,100 
Et 124,700 



0.008700 



7 A-E 



0 2 32,840 
Et 140,500 



0 2 2,370 
Et 10,150 



0 2 33,100 
Et 1 41 ,550 



0 2 5,900 
Et 25,100 



0 2 5,900 
Et 25,100 



0.009700 



0 2 46,500 
Et 199,200 



0 2 1,815 
Et 7,750 




0 2 37,000 
Et 158,450 



0 2 5,900 
Et 25,100 



0 2 2,570 
Et 11,000 



0.010700 



0 2 26,940 
Et 1 1 5,400 



0 2 5,900 
Et 25,100 



0 2 40,600 
Et 174,100 



0 2 5,900 
Et 25,100 



